Background: US women Veterans are at increased risk of homelessness and chronic health conditions associated with unintended pregnancy. Veterans Health Administration (VHA) provision of long-acting reversible contraception (LARC) can assist in healthy pregnancy planning.
W
omen Veterans are the fastest growing population utilizing Veterans Health Administration (VHA) services, numbering >2 million in 2015. 1 Unfortunately, Veterans are 4 times more likely to experience homelessness than civilians and, consequently by default, the VHA has become the largest US homeless health care provider. 2, 3 Providing medical care to Veterans experiencing homelessness is resource intensive due to a high prevalence of chronic health conditions in this population 4 and homeless women have additional, though preventable, reproductive health risks. 5 Access to sex-specific services, including preconception planning, pregnancy-related care, and contraceptive management varies by location in VHA facilities due to availability of subject matter expertise and comfort level of providers. Reproductive health services, especially for those who have chronic health conditions, are essential to address perinatal risk factors and mitigate unintended pregnancies with subsequent adverse outcomes. In this regard, understanding perinatal risk factors and provision of contraceptive care in vulnerable VHA populations can assist in attaining the VHA priority of comprehensive women's health service expansion. 6 Although data on the reproductive health of homeless women Veterans are sparse, civilian homeless research identifies significant disparities in access to care and adverse reproductive outcomes. Homeless civilian women experience a high rate of unintended pregnancy that can subsequently impact their ability to gain housing. 7 Prenatal homelessness is a risk factor for preterm birth and low birth weight infants. 8 Unfortunately, homeless women have low contraceptive utilization, are at high risk for sexual exploitation, and face challenges prioritizing reproductive health care due to competing demands in their highstress environment. 5, 9 One study of homeless women Veterans found B30% already have minor children in their custody and 11% have psychotic disorders. 10 Additional pregnancies, especially unintended, could further destabilize an already fragile family structure. Despite a recommendation by the American College of Obstetricians and Gynecologists to increase access to long-acting reversible contraception (LARC), including intrauterine devices (IUDs) and contraceptive implants, to improve pregnancy planning for homeless women, LARC availability varies widely and is quite limited across the country in non-VHA homeless health care organizations. 11, 12 These issues are compounded for homeless women Veterans who are highly reliant upon the VHA to meet their health care needs-including contraceptive management-as they are less likely to have access to health care through non-VHA insurance. 13 These aspects have not been well studied and thus our research questions focus on perinatal risk factors and LARC exposure in homeless women Veterans.
The Integrated Perinatal Health Framework (IPHF) 14 is helpful in understanding the intertwined vulnerabilities of women experiencing homelessness and other health or behavioral risk factors, as well as the potential VHA role for improved LARC access for reproductive planning. (Fig. 1) The IPHF emphasizes the importance of a life-course approach for studying perinatal health factors, suggesting that disparities in perinatal health and birth outcomes are influenced by stressors that may occur long before a woman becomes pregnant. 14 Homelessness and associated health disparities do not occur in isolation and not all homeless women Veterans are affected by the same risk factors. Previous work identified a high prevalence of chronic health conditions in homeless women Veterans accessing VHA services, 13, 15, 16 but these studies have not focused on reproductive age women Veterans and conditions associated with pregnancy risk. The US Centers for Disease Control (CDC) established a list of highest-risk chronic health conditions, such as ischemic heart disease and advanced diabetes mellitus, for which LARC methods should be used as first line to decrease risk of unintended pregnancy. 17 In addition, the VHA has expertise in managing behavioral risk factors, such as alcohol, drug or tobacco dependence, which the IPHF lists as proximal risk factors for adverse reproductive outcomes (Fig. 1) . Identifying the impact of homelessness and high-risk chronic health or behavioral conditions that impact pregnancy outcomes on LARC use for reproductive planning will allow for a richer understanding of potential VHA preventive measures to improve the outcomes for certain women Veterans.
Several large scale projects have demonstrated significant population level declines in rates of unintended pregnancy and abortion with increased use of LARC. [18] [19] [20] [21] The prevalence of LARC method use in the US population has increased over the past decade from 2.4% of contraceptive users in 2002 to 11.6% in 2012. 22 These methods are safe for women with many chronic health and behavioral conditions, 17 yet disparities in uptake persist due to a number of access barriers. 23 We hypothesized that homeless women Veterans face barriers to obtaining LARC in the VHA and that the current uptake of LARC is lower than the general population benchmark rate of 11.6% mentioned above, based upon these 
METHODS

Participants
All Veterans who accessed VHA services between fiscal year (FY) 2002-2015 with administrative evidence of homelessness at any time during the observation period (ever-homeless) were identified through a nationwide VHA research database of administrative and clinical data from VHA Corporate Data Warehouse (CDW) managed by the Veteran's Informatics and Computing Infrastructure (VINCI). 24 We matched controls based upon period of military service available in VINCI tables. Homelessness was identified through use of previously validated International Classification of Diseases, Ninth Revision (ICD-9) codes, Homeless Care stop codes, or treatment specialty codes. 25, 26 From the total cohort, we included only women Veterans age 18- To address missing demographic and military variables in the full cohort of ever-homeless women Veterans, we identified a subgroup of women Veterans who separated from the military in the OEF/OIF/OND era using an established VHA/Defense Manpower Data Center roster. The full cohort of matched, housed women was also narrowed to those from the OEF/OIF/OND conflict for the subgroup comparisons. These OEF/OIF/OND subgroups had more reliable documentation of demographic and military variables that could impact LARC uptake. This study received approval from the University of Utah Institutional Review Board (IRB) and the Research and Development Committee at the Veterans Administration Salt Lake City Health Care System.
Measures
Demographic variables included age at entry into VHA services, age at first homelessness designation or entry into the VHA, marital status, race/ethnicity, and religious affiliation. Military characteristics included branch of service, combat exposure, and results (positive or negative) of screening for a history of military sexual trauma (MST) in VHA. The demographic variables and military characteristics were extracted from the VA CDW tables for the full cohort. Combat exposure was extracted from the CDW tables and described as "a flag to indicate whether or not the patient has served in a combat zone." 27 The MST screening tool is a universal clinical reminder that asks: "While you were in the military: (a) Did you receive uninvited and unwanted sexual attention, such as touching, cornering, pressure for sexual favors, or verbal remarks? and (b) Did someone ever use force or threat of force to have sexual contact with you against your will?" An affirmative response to either question is a positive result in the CDW tables. Although MST status was not routinely screened for or reliably captured in structured data until 2004, Veterans who accessed care before 2004 were screened at follow-up encounters. 25 The IPHF 14 risk factors in Figure 1 were used to guide the variables chosen from available structured VHA data, with homelessness as a measurable proxy for the distal risk factors. The "biomedical" proximal risk factors in the IPHF 14 included (1) medical conditions that increase the risk of adverse pregnancy outcomes with an unintended pregnancy based upon the CDC US medical eligibility criteria for contraceptive use, 17 (2) mental health conditions prevalent in VHA service users, 13 and (3) chronic medical conditions prevalent in reproductive age women. 28 The "behavioral" proximal risk factors in the IPHF 14 included (1) ICD-9 codes for alcohol and drug use disorders and (2) evidence of smoking at any time, based on the ICD-9 codes 305.1 or V15.82, as previously validated. 29 We chose to classify evidence of smoking as "ever" or "none" because effects of tobacco dependence may persist beyond cessation and impact the recommendation for certain hormonal contraceptives. 17 Groupings of ICD-9 codes for chronic health conditions were compiled using the Healthcare Cost and Utilization Project (HCUP) Clinical Classifications Software (CCS) (Agency for Healthcare Research and Quality, Rockville, MD). 30 Women Veterans were considered to have a diagnosis for a condition if they had at least 2 instances of an ICD-9 code within the same HCUP group condition Z30 days apart recorded in the VHA files at any time from entry into VHA services until end of FY2015. We chose the Elixhauser comorbidity software to assess chronic health condition burden. 31 The Elixhauser index is a method of categorizing comorbidities based upon ICD-9 codes, each category is dichotomous (present or not), and an increasing summary score can be used to predict hospital resource use or in-hospital mortality. This index was chosen because it does not rely heavily on patient age and accounts for mental health and substance use diagnoses that are not accounted for in other comorbidity indices. 32 We report both the comorbidity classification prevalence, as well as the individual median Elixhauser summary score used as a predictor of LARC exposure in modeling.
The ICD-9 and Current Procedural Terminology (CPT) codes and service dates for IUD or contraceptive implant insertion, surveillance, removal, or exchange were identified for both ever-homeless and housed women. As some devices can be maintained for up to 12 years, any code from time of entry into VHA services until end of FY2015 will count as exposure, regardless of whether it was placed before the homelessness designation. The date of hysterectomy or sterilization was captured for any women with a procedure during the study timeframe via CPT and ICD-9 codes.
Analyses
We created 2 analytic cohorts. First is the full cohort of all ever-homeless women Veterans who accessed VHA services between FY2002-2015 who were matched to housed women Veterans by military service period. Differences between demographic characteristics, LARC exposure and the proportion of women with each chronic health or behavioral condition in ever-homeless and housed Veterans were explored with the w 2 tests. The Elixhauser comorbidity software was used to develop a summary comorbidity score for each woman and the median score reported for the ever-homeless and housed Veterans. 32 We created a second cohort that was narrowed to women who served in the recent OEF/OIF/OND conflicts to take advantage of a rich set of demographic and military service variables available for these Veterans. This second cohort allowed for exploration of factors associated with LARC exposure. A total of 59 patients were removed from the analysis for conflicting evidence of which LARC method was first used. Coast Guard Veterans were also excluded due to very low numbers (n = 6). In addition to the comparative analyses described for the full cohort, multivariable logistic regression examined associations of housing status, demographics, chronic health conditions, behavioral risk factors, and the Elixhauser comorbidity summary score 32 to LARC exposure in the OEF/OIF/OND cohort. Although the prevalence of bariatric surgery and solid organ transplants in these women were low, these conditions were assessed separately, as the CDC recommends LARC use to decrease pregnancy risk for only 2 years after surgery, as compared with other chronic conditions which do not have time restrictions on LARC recommendations. 17 Women not at risk for pregnancy due to hysterectomy or sterilization were excluded from the model. No modeling occurred on the full cohort. We fit 4 logistic regression models of descending granularity. The first fit examined the probability of having any LARC against not having any such exposure. The second estimates the model of having reversible (IUD and implant) versus nonreversible contraceptive (hysterectomy and sterilization). Within reversible and nonreversible, we modeled IUD versus implant and hysterectomy versus sterilization, respectively. Models were fit using a logistic regression model in R Statistical Software version 3.3.1.
RESULTS
Ever-homeless Versus Housed Women Veterans From All VHA Users
We identified a total of 41,747 ever-homeless women Veterans who accessed care at the VHA between FY2002-2015 and 46,391 housed women Veterans matched upon period of service. The mean number of VHA encounters (outpatient visit or inpatient admission) during the timeframe was 208 for homeless Veterans versus 95 for housed Veterans. A total of 392 homeless and 2350 housed women Veterans in the cohort had only 1 VHA encounter during the study timeframe, although they could have received care before or after the study years. Mean age at first homeless designation was 38 years. The ever-homeless Veterans were less likely to be married (19% vs. 37%) and more likely to identify as black race (43% vs. 20%) and non-Hispanic ethnicity (87% vs. 69%). The ever-homeless cohort was more likely to have experienced MST based on VHA screen results (40% vs. 21%) ( Table 1) .
Ever-homeless Veterans were more likely to have a number of chronic health conditions with a median Elixhauser comorbidity summary score of 5.39 versus 3.68 as compared with the housed cohort ( Table 1) . The prevalence of all chronic health conditions was significantly higher in ever-homeless versus housed Veterans: mental health disorders in 84.5% versus 48.7% (P < 0.001), substance abuse disorders in 35.8% versus 8.6% (P < 0.001), and Z1 high-risk medical conditions in 74.7% versus 55.6% (P < 0.001). The top 5 common chronic health conditions in ever-homeless women Veterans were noted to be hypertension, obesity, asthma, diabetes, and heart diseases. Reproductive cancers that included cervical, endometrial, and ovarian diagnoses were also more frequent in ever-homeless than housed Veterans. Mental health disorders and substance use disorders were 2-4 times more common in ever-homeless Veterans, regardless of diagnoses type. Evidence of smoking was noted in nearly half of all homeless women Veterans (47.8%) ( Table 2 ). Exposure to LARC in the overall VHA user cohort was 9.3% in homeless Veterans compared with 5.4% in housed Veterans (P < 0.001). Sterilization and hysterectomy were significantly higher in ever-homeless versus housed women Veterans from service periods (4.7% vs. 3.0%; P = 0.019) (Fig. 2) .
Women Veterans From OEF/OIF/OND Versus All Military Service Periods
We utilized an official roster of OEF/OIF/OND Veterans to identify a subgroup of 7773 ever-homeless women Veterans from these recent conflicts within the full cohort of ever-homeless Veterans who accessed care at the VHA between FY2002-2015 and matched them to 8674 housed OEF/OIF/OND women Veterans. The OEF/OIF/OND cohort was younger than the full cohort, with 79% aged 18-34 years compared with 46% of the full cohort of all VHA users, and they were more likely to be single (59% vs. 29%). In addition, 71% of OEF/OIF/OND women affiliated with the Army as their branch of service, compared with 41% of all VHA users.
Compared with the full cohort of all VHA users, the OEF/OIF/OND cohort had a lower Elixhauser comorbidity summary score (4.57 vs. 3.03), but this could be accounted for by the younger age ( Table 1 ). The prevalence of chronic health conditions was overall lower for OEF/OIF/OND Veterans compared with all VHA users, but this trend is only in the chronic medical conditions, while mental health and substance use disorders remain prevalent. Smoking evidence was noted in 39% of homeless women Veterans from OEF/ OIF/OND; housed women Veterans had lower rates of smoking evidence by administrative codes (Table 2) .
Ever-homeless Versus Housed Women Veterans From OEF/OIF/OND
Within the OEF/OIF/OND cohort, ever-homeless women Veterans were younger, age 18-34 years (85% vs. 74%), and of black race (46% vs. 24%). The OEF/OIF/OND ever-homeless Veterans were more likely than the housed Veterans to have served in the Navy (20% vs. 10%) and experienced MST based on VHA screen results (46% vs. 24%) ( Table 1) .
Exposure to LARC in the OEF/OIF/OND cohort was 14.1% in ever-homeless Veterans compared with 8.2% in housed Veterans (P < 0.001). In addition, despite the younger age of this cohort, sterilization and hysterectomy were nonsignificantly higher in ever-homeless versus housed women Veterans from OEF/OIF/OND (2.5% vs. 1.4%; P = 0.523) (Fig. 2) For the overall OEF/OIF/OND cohort of women Veterans, those in the younger age group of 18-34 years and the presence of any medical or mental health indicator were strong predictors of receiving any LARC (Table 3) . Furthermore, as compared with Army Veterans, those in the marines or the navy were more likely to have received any contraception. Other predictors of LARC were a history of combat exposure, positive screen for MST, and white race. Ever-homeless women Veterans were more likely to receive LARC (odds ratio, 1.22; 95% confidence interval, 1.09-1.36).
DISCUSSION
This study identified a significantly larger number of homeless women Veterans accessing LARC methods within the VHA compared with a housed Veteran cohort, especially in those from the OEF/OIF/OND conflicts. The LARC uptake among homeless women Veterans, especially those from recent conflicts, compares favorably to the rates reported for the general population. 22 Our study is unique in the number of ever-homeless women Veterans studied and its longitudinal nature over a 14-year time period. The VHA investment in homeless outreach programs and women's health care services is meeting the reproductive planning needs of many homeless women Veterans, but LARC exposure remains lower than expected given the prevalence of perinatal risk factors in this population. Although not every woman will choose a LARC method and respect for reproductive autonomy needs to be maintained, the high-risk conditions and complex lives of homeless women Veterans should prompt providers to screen for pregnancy risk, recommend LARC methods, and minimize barriers for those desiring them. 33 The IPHF 14 framework outlines a life-course approach which acknowledges the multitude of preconception risks that can adversely impact pregnancy outcomes and can be used to consider options for interventions in the VHA (Fig. 1) . Homeless health care is a VHA priority with development of the Homeless Patient Aligned Care Teams (H-PACT) that have successfully increased primary care engagement and decreased costly emergency services. 34, 35 Addressing homelessness and housing instability will help to mitigate many of the distal risk factors in the IPHF (Fig. 1) . Currently, housing and mental health engagement are first line priorities of H-PACT and reproductive health needs are not addressed until the patient is established in primary care and then may need consultant referrals to gynecology, if the primary care provider is not comfortable with sex-specific needs. Reproductive health assessments need to be part of the H-PACT screening process, as an unplanned pregnancy would destabilize attempts for housing and risk adverse pregnancy outcomes at a time of environmental and emotional stress. 36 Our findings of the high prevalence of both "biomedical" and "behavioral" perinatal health proximal risk factors (Fig. 1) highlights the need to incorporate reproductive risk assessments into chronic disease management, mental health interactions, and behavioral health interventions to avoid missed, reproductive planning opportunities in the VHA and could improve the life course for both the Veteran and her family. The VHA expanded women's health care to meet sexspecific needs, yet access barriers still persist, especially for high-risk populations. The 2015 Study of Barriers for Women Veterans to VA Health Care identified significant limitations to the VHA goal of comprehensive women's health care across the health care system. Women Veterans may bypass the nearest VHA clinic because comprehensive primary care services, including contraception, are not available. Finding transportation to specialty services was most burdensome for women with the highest levels of disability. 37 For homeless women with limited resources, this access barrier may not be overcome. During the study timeframe, the VHA established "designated women's health providers" (DWHPs) in primary care settings and this focus and training may account for the increased LARC exposure in this study. Although VHA LARC exposure seems to be overall higher in homeless women Veterans, racial, ethnic, and socioeconomic disparities seem to persist in access to essential reproductive health services. [38] [39] [40] The higher prevalence of hysterectomy and reproductive cancers found in this study that could be managed with LARC methods and cervical cancer screening in homeless women Veterans is concerning. Many DWHPs work in rural settings with limited numbers of women Veterans, many of whom are no longer reproductive age. Ongoing DWHP training for LARC, could improve the comfort level for these providers and decrease the need for gynecology referrals at central facilities. 41 Limitations of this study include the lack of data on health care utilization by women outside VHA facilities by means of private insurance, Medicare/Medicaid, or direct referral from VHA to community care via fee-based services or the Veterans Choice Program. Thus, we may be underrepresenting LARC usage in both groups, but especially in 4 Homelessness is not typically a constant over many years, but we chose to stratify by any housing instability (ever-homeless) compared with those with none, because many socioeconomic stressors pre-date and persist beyond the administrative capture of homelessness.
Smoking status may also change over time and the positive predictive value of the structured administrative data is only 69%, so misclassification may have occurred. 29 Finally, LARC uptake was defined as exposure at any point due to the ability to use these methods for many years, which may misrepresent actual use during times of greatest housing instability.
In conclusion, this study is a large, national longitudinal exploration of perinatal risk factors, including chronic health conditions and behavioral risk factors, and exposure to LARC methods in reproductive age, ever-homeless, and housed women Veterans. Our results highlight modest success in addressing health disparities through LARC access for homeless women Veterans, which may impact reproductive planning and their overall health and well-being. These data can assist in targeting interventions, such as integration of family planning services into homeless care, flagging housing instability for women's health providers and medical subspecialists to prioritize reproductive counseling, or extending LARC provider training into areas with a high prevalence of homelessness. The VHA provides a large volume of homeless health care in this country and strives to meet essential needs for this population, including family planning services. As an integrated health care system serving hundreds of thousands of women Veterans each year, addressing barriers to LARC uptake for all women Veterans could have far-reaching implications on population level adverse pregnancy statistics, as well as individual Veteran outcomes. Lessons learned from VHA may have implications for underserved populations in the general community.
